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Basic Abstract Text - ABTX (1 ): 

A solid oxide fuel cell stacking assembly that utilises a first reactant and 
a second reactant to produce electrical power comprises:- (a) a stack having at 
least one fuel cell assembly; (b) means for establishing electrical connection 
to each end of the stack; (c) means for introducing a first reactant into a 
first end of each of first-reactant transverse flow channels and removing first 
reactant from a second end of each of first-reactant transverse flow channels; 
(d) means for introducing a second reactant into a first end of each of 
second-reactant transverse flow channels and removing second reactant from a 
second end of each second-reactant transverse flow channels. Each fuel cell 
assembly comprises: (i) at least two fuel cell plate subassemblies (36,38,38') 
each comprising: (ia) a fuel cell manifold plate, (40) having a fuel cell 
manifold plate through-plate central opening; (ib) an annular fuel cell plate 
bellows (48) in the fuel cell manifold plate central opening and sealed to the 
fuel cell manifold plate; and (ic) a fuel cell plate (54) the fuel cell plate 
bellows central opening (52) and sealed to the fuel cell plate bellows; and 
(ii) at least one interconnect subassembly, each disposed between a pair of 
fuel cell plate sub-assemblies, each interconnect subassembly; (iia) an 
interconnect manifold plate (60) having a first-reactant transverse flow 
channel (60) on a first side, a second-reactant transverse (62) flow channel on 
a second side, and an interconnect manifold through-plate central opening; 
(lib) an annular interconnect bellows (66) in the interconnect manifold central 
opening and sealed to the interconnect manifold, the interconnect bellows 
having a central opening; and (iiic) an electrically conductive interconnect 
plate in the interconnect bellows central opening and sealed to the 
interconnect bellows, the interconnect plate being impermeable to the first 
reactant and the second reactant and having compliant metallic interconnect 
protrusions extending from each side. Also claimed is another embodiment of a 
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solid oxide fuel cell stacking assembly. 



Equivalent Abstract Text - ABEQ (1): 

A solid oxide fuel cell stacking assembly that utilises a first reactant and 
a second reactant to produce electrical power comprises:- (a) a stack having at 
least one fuel cell assembly; (b) means for establishing electrical connection 
to each end of the stack; (c) means for introducing a first reactant into a 
first end of each of first-reactant transverse flow channels and removing first 
reactant from a second end of each of first-reactant transverse flow channels; 
(d) means for introducing a second reactant into a first end of each of 
second-reactant transverse flow channels and removing second reactant from a 
second end of each second-reactant transverse flow channels. Each fuel cell 
assembly comprises: (i) at least two fuel cell plate subassemblies (36,38,38') 
each comprising: (ia) a fuel cell manifold plate, (40) having a fuel cell 
manifold plate through-plate central opening; (ib) an annular fuel cell plate 
bellows (48) in the fuel cell manifold plate central opening and sealed to the 
fuel cell manifold plate; and (ic) a fuel cell plate (54) the fuel cell plate 
bellows central opening (52) and sealed to the fuel cell plate bellows; and 
(ii) at least one interconnect subassembly, each disposed between a pair of 
fuel cell plate sub-assemblies, each interconnect subassembly; (iia) an 
interconnect manifold plate (60) having a first-reactant transverse flow 
channel (60) on a first side, a second-reactant transverse (62) flow channel on 
a second side, and an interconnect manifold through-plate central opening; 
(lib) an annular interconnect bellows (66) in the interconnect manifold central 
opening and sealed to the interconnect manifold, the interconnect bellows 
having a central opening; and (iiic) an electrically conductive interconnect 
plate in the interconnect bellows central opening and sealed to the 
interconnect bellows, the interconnect plate being impermeable to the first 
reactant and the second reactant and having compliant metallic interconnect 
protrusions extending from each side. Also claimed is another embodiment of a 
solid oxide fuel cell stacking assembly. 



Equivalent Abstract Text - ABEQ (3): 

A solid oxide fuel cell stacking arrangement has at least two fuel cell 
plate sub assemblies. Interconnecting manifold plates allow the reactants to 
circulate. Annular interconnect bellows within a central opening of the 
manifold plates contain opening of the manifold interconnects for the cells 
which are protected from the reactants. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a solid oxide fuel cell 
assembly, and, nnore particularly, to a fuel cell stacking 
assembly that can accommodate the dimensional 
changes resulting from differences in thermal expansion 
and/or contraction of the fuel cell assembly compo- 
nents, during operation or fabrication. 
[0002] A fuel cell is a device in which a first reactant, 
a fuel such as hydrogen or a hydrocarbon, is electro- 
chemicalty reacted with a second reactant, an oxidant 
such as air or oxygen, to produce a DC electrical output. 
A fuel cell includes an anode, or fuel electrode, which 
enhances the rate at which electrochemical reactions 
occur on the fuel side. There is also a cathode, or oxi- 
dant electrode, which functions similarly on the oxidant 
side. In the solid oxide fuel cell, a solid electrolyte, made 
of dense yttria-stabilized zirconia (YSZ) ceramic sepa- 
rates a porous ceramic anode from a porous ceramic 
cathode. The anode typically is made of nickelous oxide/ 
YSZ cermet, and the cathode Is typically made of doped 
lanthanum manganite. 

[0003] In such a fuel cell the fuel flowing to the anode 
reacts' with oxide ions to produce electrons and water, 
which is removed in the fuel flow stream. The oxygen 
reacts with the electrons on the cathode surface to form 
oxide ions that diffuse through the electrolyte to the an- 
ode. The electrons flow from the anode through an ex- 
ternal circuit and thence to the cathode. The electrolyte 
is a nonmetallic ceramic that is a nonconductor of elec- 
trons, ensuring that the electrons must pass through the 
external circuit to do useful work. However, the electro- 
lyte permits the oxide ions to pass through from the cath- 
ode to the anode, 

[0004] Each individual electrochemical cell, made of 
a single anode, a single electrolyte, and a single cath- 
ode, generates a relatively small voltage. To achieve 
higher voltages that are practically useful, the individual 
electrochemical cells are connected together in series 
to form a stack. The celts are connected in series elec- 
trically in the stack. The fuel cell stack includes an elec- 
trical interconnect between the cathode and the anode 
of adjacent cells. The fuel cell assembly also includes 
ducts or manifolding to conduct the fuel and oxidant into 
and out of the stack. 

[OOOS] Solid electrolyte multi-layer flat fuel cells are 
disclosed in US-A-5,288,562 toTaniguchi et al. that pro- 
vides a method of improved fuel gas and oxidizing gas 
flow within the fuel cell, using specific gas inlet and outlet 
configuration along with a series of ribs and grooves ar- 
ranged on bipolar plates. The plates serve as gas bar- 
riers between adjacent unit cells, to provide for unifomn 
gas diffusion to every part of the cell. The fuel cell dis- 
closed in the above mentioned Taniguchi patent is de- 
signed for high temperature applications, a range within 
which, at the present time, fuel cells must be composed 



entirely of ceramics. Fuel cell assemblies adapted for 
use at high operating temperatures commonly requires 
the entire structure made of ceramics. While such mon- 
olithic fuel cells are useful, ceramics have the inherent 
5 material characteristic of low ductility and low tough- 
ness. Consequently, they are susceptible to damage by 
mechanical vibrations and shocks. They are also sus- 
ceptible to thermal shocks and to thermally induced me- 
chanical stresses due to the different thermal expansion 
characteristics of the components. 
[0006] In contrast to the fuel cell disclosed In the 
above mentioned Taniguchi patent, the fuel cell of the 
present invention is designed to provide a fuel cell for 
operation at generally intermediate temperatures, at 
which it may reasonably be constructed of a variety of 
materials with different thermal expansion properties. 
Difficulties arise, for example, when using metals, which 
have relatively high coefficients of thermal expansion, 
in combination with ceramics, which have relatively low 
coefficients of thermal expansion and are brittle. 
[0007] Where the fuel cell is to be used at lower tem- 
perature with a low-temperature ceramic electrolyte, 
some components of the fuel cell may be made of met- 
als. Metal components are generally less expensive to 
fabricate than ceramic components and have the ad- 
vantage of improved ductility and fracture toughness. 
Metal components are therefore more resistant to me- 
chanical and thermal shock damage than ceramics, of- 
fering the potential for construction of more robust fuel 
cells than possible with all-ceramic fuel cells. 
[0008] In such a low-temperature fuel cell using met- 
als for at least some components and ceramics for at 
least some components (all known operable solid oxide 
fuel cell electrolytes are ceramics), there may be large 
thermal stresses and strains produced during operation 
of the fuel cell. Metals as a group have much higher co- 
efficients of thermal expansion than do ceramics. When 
the metal/ceramic fuel cell Is heated and cooled, the di- 
mensions of the metal components change more than 
the dimensions of the ceramic components, leading to 
thermal strains within the structure. Unless controlled, 
the thermal strains produce thermal stresses that can 
lead to failure of the ceramic components or the seals 
between the ceramic and metal components. 
[0009] There is a need for a fuel cell design in which 
a combination of metallic and ceramic components can 
be used. Such a fuel cell should be resistant to damage 
from thermal strains and the resulting thermal stresses 
that arise due to the differences in the thermal expan- 
sion coefficients of the components. The present inven- 
tion fulfills this need, and further provides related advan- 
tages. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a fuel cell 
stacking assembly that is resistant to damage produced 
by the accumulation of thermal strains. The fuel cell can 
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be made of different materials having different thermal 
expansion coefficients. Such a design is particularly 
useful for building a fuel cell assembly for operation at 
Intermediate temperature, with most of the components 
being made of metal but the electrolyte being made of 
a ceramic. The fuel cell can be manufactured less ex- 
pensively than conventional fuel cells. It is more robust 
in service and is resistant to damage from thermal cy- 
cling. 

[0011] In accordance with the invention, a solid oxide 
fuel cell stacking assembly comprises a stack having at 
least one fuel celt assembly. Each fuel cell assembly in 
turn comprises at least two fuel cell plates, each fuel cell 
plate having an anode side, a cathode side, and an elec- 
trolyte therebetween. There Is means for contacting a 
first reactant to the anode side of the fuel cell plate and 
means for contacting a second reactant to the cathode 
side of the fuel cell plate. The fuel cell assembly further 
includes means for establishing an electrical intercon- 
nect between one side of each fuel cell plate and an ad- 
jacent fuel cell plate, and means for accommodating di- 
mensional changes of the stack. The means for accom- 
modating is operable to compensate for both in-plane 
and perpendicular dimensional changes relative to the 
fuel cell plate. The stack includes means for introducing 
a flow of the first reactant to the anode side of each of 
the fuel cell plates and for removing a flow of first reac- 
tant from the anode side of each of the fuel cell plates, 
means for introducing a flow of the second reactant to 
the cathode side of each of the fuel cell plates and for 
removing a flow of first reactant from the cathode side 
of each of the fuel cell plates, and means for collecting 
a current flow from the ends of the stack. 
[0012] In one embodiment, a solid oxide fuel cell 
stacking assembly that utilizes a first reactant and a sec- 
ond reactant to produce electrical power, comprises a 
stack having at least one fuel cell assembly, a pair of 
terminal plate subassemblies, one at each end of the 
stack for establishing electrical connection to each end 
of the stack, and appropriate fluid flow plenums for in- 
troducing flows of the reactants to each fuel cell assem- 
bly and conducting away flows from each fuel cell as- 
sembly. 

[001 3] In this approach, each fuel cell assembly com- 
prises at least two fuel cell plate subassemblies and an 
interconnect subassembly disposed between each pair 
of fuel cell plate subassemblies. Each of the fuel cell 
plate subassemblies includes a fuel cell manifold plate 
having a fuel cell manifold plate through-plate central 
opening therethrough. An annular fuel cell plate bellows 
is disposed within the fuel cell manifold plate central 
opening and sealed to the fuel cell manifold plate. The 
fuel cell plate bellows has a fuel cell plate bellows central 
opening therethrough. A fuel cell plate is disposed within 
the fuel cell plate bellows central opening and sealed to 
the fuel cell plate bellows. The fuel cell plate preferably 
is formed as a three layer structure having an electrolyte 
layer disposed between an anode layer and a cathode 



layer. 

[0014] Each interconnect subassembly includes an 
interconnect manifold plate having a first- reactant trans- 
verse flow channel on a first side thereof, a second-re- 

s actant transverse flow channel on a second side thereof, 
and an interconnect manifold through-plate central 
opening therethrough. An annular interconnect bellows 
is disposed within the Interconnect manifold central 
opening and sealed to the interconnect manifold. The 

10 interconnect bellows has an interconnect bellows cen- 
tral opening therethrough. An electrically conductive in- 
terconnect plate is disposed within the interconnect bel- 
lows central opening and is sealed to the interconnect 
bellows. The interconnect plate is impermeable to the 

15 first reactant and the second reactant and has compliant 
metallic interconnect protrusions extending therefrom 
on each side thereof. 

[001 5] Each terminal plate subassembly comprises a 
terminal manifold plate having a terminal transverse 
20 flow channel on one side thereof and a terminal manifold 
through-plate central opening therethrough. An annular 
terminal bellows is disposed within the terminal manifold 
central opening and is sealed to the terminal manifold. 
The terminal bellows has a terminal bellows central 
26 Opening therethrough. An electrically conductive termi- 
nal plate is disposed within the terminal bellows central 
opening and is sealed to the terminal bellows. The ter- 
minal plate is impermeable to the reactants and has 
compliant metallic terminal protrusions extending there- 
to from on the same side as the terminal transverse flow 
channel. 

[0016] With this design, the transverse flow channels 
are preferably oriented at right angles to each other The 
stack is made square or rectangular, so that the plenums 

35 for introducing and removing each reactant can be at- 
tached to opposite sides of the stack. That is, the first- 
reactant inlet and outlet plenums are sealed to two op- 
posing sides of the stack, and the second-reactant inlet 
and outlet plenums are sealed to the other two opposing 

40 sides of the stack. This permits straightfonward plenum 
attachment with good access to the fuel cell stacking 
assembly. 

[0017] The fuel cell plates, the interconnect plates, 
and the terminal plates are supported within the fuel cell 

45 stacking assembly in a compliant manner that accom- 
modates both in-plane and out-of-plane strains. The bel- 
lows are the primary element for accommodating the in- 
plane strains. The protrusions on the interconnect and 
terminal plates are the primary element for accommo- 

50 dating the perpendicular strains. By accommodating the 
strains that are produced within the structure, large ther- 
mal stresses do not arise to damage the ceramic com- 
ponents of the structure. 

[001 8] The present invention provides an advance in 
55 the art of fuel cells. The fuel cell of the invention can be 
made of the most desirable combination of metals and 
ceramics, while avoiding damage resulting from their 
varying thermal expansion coefficients. Other features 
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and advantages oi the present invention will be appar- 
ent from the following more detailed description of the 
preferred embodiment, taken in conjunction with the ac- 
companying drawings, which illustrate, by way of exam- 
ple, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Figure 1 Is a perspective view of a fuel cell assem- 
bly; 

Figure 2 is a partially exploded view of the fuel cell 
assembly of Figure 1 ; 

Figure 3 is an exploded view of a portion of the fuel 
cell assembly; 

Figure 4 is an enlarged, side sectional view of a fuel 
cell plate subassembly; 

Figure 5 is an enlarged, side sectional view ol an 

interconnect subassembly; 

Figure 6 is an enlarged, side elevational view of an 

interconnect structure; and 

Figure 7 is an enlarged, side elevational view of a 

terminal subassembly. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] A fuel cell assembly 20 is depicted in Figures 
1 and 2. The fuel cell assembly 20 includes a stack 22 
of subassemblies 24, which will be illustrated and dis- 
cussed in more detail subsequently. The fuel cell oper- 
ates utilizing two reactants, fuel and oxidant. The fuel is 
supplied to the subassemblies 24 through a fuel inlet 
plenum 26, and unreacted fuel and reaction products 
are removed through a fuel outlet plenum 28. The oxi- 
dant is supplied to the subassemblies 24 through an ox- 
idant inlet plenum 30, and excess oxidant is removed 
through an oxidant outlet plenum 32. 
[0021] A metal strip or screen 34 at each end ot the 
fuel cell assembly 20 collects electrical current from the 
electrodes for conduction to an external circuit. 
[0022] Figure 3 illustrates a portion of the stack 22 in 
greater detail. The stack 22 may be viewed as being 
formed of three types ot subassemblies. A fuel cell plate 
subassembly 36 includes a fuel cell plate, an intercon- 
nect subassembly 38 includes an Interconnect plate, 
and a terminal subassembly 38' includes a terminal 
plate. Figure 3 shows one of each of the subassemblies 
36, 38, and 38' for economy of illustration. In practice, 
within a commercial fuel cell assembly 20 there are typ- 
ically twenty or more of each type of the subassemblies 
36 and 38 arranged in alternating fashion, and one of 
the subassemblies 38' at each end of the stack 22. 
[0023] The fuel cell plate subassembly 36, also de- 
picted in assembled side sectional view in Figure 4 to 
show the assembled relation of the components, in- 
cludes a manifold plate 40. The preferred form of the 
manifold plate 40 is a generally flat, metallic plate. The 



manifold plate 40 has a first through-plate central open- 
ing 46 therethrough. 

[0024] An annular subassembly bellows 48 is sized to 
be disposed within the central opening 46. The outer pe- 

s riphery ot the bellows 48 is sealed to the Inner periphery 
of the manifold plate 40 at the opening 46. The bellows 
48 is a component that accommodates radial dimen- 
sional differences between the manifold plate 40 and a 
fuel cell plate (described subsequently) that is retained 

10 within the bellows 48. .The preferred bellows 48 is in the 
form of a generally flat, metallic annulus that has been 
deformed to create a circumferentially extending ridge 
50 or other out-of -plane feature that permits the annulus 
to readily deform in the radial direction. Such a form of 

15 bellows is suitable for the present application, inasmuch 
as the radial deformations are not excessively large, and 
the ridge permits the bellows annulus to accomplish the 
required accommodation deformation. The bellows 48 
has a fuel cell plate subassembly bellows central open- 

so ing 52 therethrough. 

[0025] A fuel cell plate 54 is sized to be disposed with- 
in the central opening 52. The outer periphery of the fuel 
cell plate 54 is sealed to the inner periphery of the central 
opening 52 of the bellows 48. The preferred form of the 

25 fuel cell plate 54 is a flat plate made of three layers of 
ceramic material, an impermeable solid oxide electro- 
lyte sandwiched between a fuel electrode and a porous 
cathode. 

[0026] The fuel cell plate subassembly 36 is fabricat- 

30 ed by first preparing the components 40. 48, and 54. In 
a typical case, the manifold plate 40 is a square or rec- 
tangular plate made of a high temperature, oxidation re- 
sistant metal such as tnco 601, having a thickness of 
about 0.254 mm (0.01 0 inch) or less, a square external 

35 dimension of about 22.9 cm (9 inches), and a circular 
opening 46 with a diameter of about 20.3 cm (8 inches). 
The bellows 46 is a circular annulus made of a thin foil 
of a ductile, oxidation resistant metal such as Inco 601 , 
with an outer diameter about 1.27 mm (0.050 inches) 

40 larger than the diameter of the opening 46, a width be- 
tween the outer annular diameter and the inner annular 
diameter of about 6.3S mm (0.25 inches), and a thick- 
ness of about the same as that of the manifold plate. 
The fuel cell plate 54 Is a circular flat plate with an ex- 

45 ternal diameter about 1 .27 mm (0.050 inches) larger 
than that of the opening 52. The three-layer fuel cell 
plate 54 is made by any process by which the anode, 
the solid electrolyte, and the cathode can be formed into 
a single tri layer structure. In the presently preferred ap- 

50 proach, a tape-calendared bilayer structure of the anode 
and the solid electrolyte is prepared and sintered. The 
solid electrolyte is preferably made of dense YSZ (yttria- 
stabillzed zirconia) and the anode Is preferably made of 
porous nickelous oxideA'SZ. The cathode is applied to 

55 this bilayer by screen printing or other technique to form 
a trilayer structure. The cathode is preferably porous 
doped lanthanum manganite. The trilayer is fired. The 
components 40, 48, and 54 are assembled together by 
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brazing the bellows 48 to the manifold plate 40, and 
sealing the fuel cell plate 54 to the bellows 48 with a 
non-conducting sealant such as glass, to form the first 
subassembly 36 shown in Figure 4. 
[0027] The interconnect subassembly 38. shown in 
Figure 3 and also depicted in assembled side sectional 
view in Figure 5 to show the assembled relation of the 
components, includes an interconnect manifold plate 
58. The preferred form of the interconnect manifold plate 
58 is a generally flat, metallic plate 60 with transverse 
flow channels 62 and 62' cut into the opposite sides of 
the metallic plate 60 and running perpendicular to each 
other. Each of the flow channels 62 and 62' is a recess 
in the manifold plate 60 that constrains a gas to flow 
from one lateral side of the plate 60 to the other. One of 
the flow channels is aligned to conduct fuel from the fuel 
inlet plenum 26 to the fuel outlet plenum 28, and the 
other of the flow channels is aligned to conduct oxidant 
from the oxidant inlet plenum 30 to the oxidant outlet 
plenum 32. The interconnect manifold plate 38 has a 
manifold through-platecentral opening 64 therethrough. 
[0028] An annular interconnect subassembly bellows 
66 is sized to be disposed within the central opening 64. 
The outer periphery of the bellows 66 is sealed to the 
inner periphery of the interconnect manifold plate 58 at 
the opening 64. The bellows 66 is a component that ac- 
commodates radial dimensional differences between 
the interconnect manifold plate 58 and an interconnect 
(described subsequently) that is retained within the bel- 
lows 66. The preferred bellows 66 is in the form of a 
generally flat, metallic annulus that has been deformed 
to create a circumferential ridge 68 or other out-of-plane 
feature that permits the annulus to readily deform in the 
radial direction. Such a form of bellows is suitable for 
the present application, inasmuch as the radial defor- 
mations are not excessively large, and the ridge permits 
the bellows annulus to accomplish the required accom- 
modation deformation. The bellows 66 has an intercon- 
nect bellows central opening 70 therethrough. 
[0029] An interconnect plate 72 is sized to be dis- 
posed within the central opening 70. The outer periphery 
of the interconnect plate 72 is sealed to the inner periph- 
ery of the bellows 66 along the central opening 70. 
[0030] The interconnect plate 72 is a generally flat 
plate having compliant metallic interconnect protrusions 
74 on both sides thereof. The protrusions serve three 
important functions. First, they accomplish an electrical 
interconnection between the fuel cell plates 54 of the 
adjacent electrochemical fuel cell assemblies 24. Sec- 
ond, when assembled with alternating fuel cell plate su- 
bassemblies 36 and the terminal subassemblies 38' to 
form the stack 22, they contact the neighboring fuel cell 
plates 54 to provide a spacing through which the first 
reactant (on one side of the fuel cell plate) and the sec- 
ond reactant (on the other side of the fuel cell plate) can 
flow. Third, they are sufficiently compliant to accommo- 
date dimensional changes of the stack 22 perpendicular 
to the plane of the plates (i.e., along the axis of the 



stack). The protrusions 74 may be of any operable form, 
within the constraint that the interconnect plate 72 be 
impervious to the first reactant and the second reactant, 
so that the reactants are not permitted to intermix. 

5 [0031] Figure 6 illustrates a preferred construction for 
the interconnect plate 72. This plate 72 has a solid me- 
tallic layer 76, sandwiched and brazed between two me- 
tallic protruding layers 78 and 80. The layers 78 and 80 
are illustrated with two different types of protrusions, to 

10 indicate some of the possible alternative compliant con- 
structions. The first protruding layer 78 has cutout fin- 
gers 82 extending outwardly to form the protrusions. 
The second protruding layer 80 has punched dimples 
84 extending outwardly to form the protrusions. The sol- 

is id layer 76 is required to provide impermeability in the 
case of a layer having fingers 82 that result from making 
openings through the layer. The solid layer 76 is optional 
in the case where dimples are formed, and in that case 
it may be possible to braze two dimpled plates together 

20 in a back-to-back fashion to form the interconnect plate 
72. However, it also may be desirable to utilize a solid 
layer 76 even where the protrusions do not Intentionally 
cause a break in their layers, to safeguard against the 
possibility of accidental penetrations that would permit 

2S fuel and oxidant to mix together. 

[0032] The interconnect assembly 38 is fabricated by 
first preparing the components 58, 66. and 72 in the" 
manner described. In a typical case, the manifold plate 
58 is a square or rectangular plate made of a high tem- 

30 perature, oxidation resistant metal such as Inco 601, 
having a thickness of about 0.254 mm (0.010 inch), and 
an external dimension and circular opening 64 dimen- 
sioned to align with the corresponding elements of the 
fuel cell plate subassembly 36. The bellows 66 Is a cir- 

3S cular annulus made of a thin foil of a ductile, oxidation 
resistant metal such as Inco 601 , with an outer diameter 
about 1 .27 mm (0.050 inch) larger than the diameter of 
the opening 64, an opening 70 having a width between 
the outer and inner annular diameters of about 6.35 mm 

^0 (0.25 inches), and a thickness the same as that of the 
manifold plate. The interconnect plate 72 is a circular, 
generally flat plate (with the protrusions thereon) made 
in the manner described, with an externa! diameter 
about 1.27 mm (0.050 inches) larger than that of the 

"ts opening 70. The components 58, 66. and 72 are assem- 
bled together by brazing the bellows 66 to the manifold 
plate 58. and then sealing the interconnect plate 72 to 
the bellows 66 using a non-conducting sealant such as 
glass, to form the interconnect subassembly 38 shown 

50 in Figure 5. 

[0033] The terminal subassembly 38', shown in Fig- 
ure 3 and also depicted in assembled side sectbnal 
view in Figure 7 to show the assembled relation of the 
components, is similar in form to the interconnect sub- 

55 assembly 38. The terminal subassembly 38' is posi- 
tioned at an end of the stack 22, and therefore is pro- 
vided with certain relevant structure found on the inter- 
connect 38 on the side facing inwardly to the stack. The 
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terminal subassembly 38' includes a terminal manifold 
plate 58'. The preferred form of the interconnect mani- 
fold plate 58' is a generally flat, metallic plate with a 
transverse flow channel 62 cut therein. The flow channel 
62 is a recess in the manifold plate 58' that constrains 
a gas to flow from one lateral side of the plate 58' to the 
other. The terminal manifold plate 38' has a terminal 
manifold through-plate central opening 64' there- 
through. 

[0034] An annular terminal subassembly bellows 66" 
is sized to be disposed within the central opening 64'. 
The outer periphery of the bellows 66' is sealed to the 
inner periphery of the terminal manifold plate 58' at the 
opening 64'. The bellows 66' is a component that ac- 
commodates radial dimensional differences between 
the terminal manifold ptate 58' and a terminal plate (de- 
scribed subsequently) that is retained within the bellows 
66*. The preferred bellows 66' is in the fomn of a gener- 
ally flat, metallic annul us that has been deformed to cre- 
ate a circumferential ridge 68' or other out-of-plane fea- 
ture that permits the annulus to readily deform in the 
radial direction. Such a form of bellows is suitable for 
the present application, inasmuch as the radial defor- 
mations are not excessively large, and the ridge permits 
the bellows annulus to accomplish the required accom- 
modation deformation. The bellows 66' has a terminal 
subassembly bellows central opening 70' therethrough. 
[0035] A terminal plate 72' is sized to be disposed 
within the central opening 70'. The outer periphery of 
the terminal plate 72' Is sealed to the inner periphery of 
the bellows 66' along the central opening 70'. 
[0036] The terminal plate 72' is a generally flat ptate 
having compliant metallic interconnect protrusions 74' 
on one side thereof. The protrusions 74' are comparable 
with the protrusions 74 in forrii and function, except that 
they are provided only on the side of the terminal plate 
72' that faces inwardly toward the stack 22. The screen 
34 for current collection is attached to the other, out- 
wardly facing, side of the terminal plate 72. 
[0037] The terminal assembly 38' is fabricated by first 
preparing the components 58', 66', and 72' in the man- 
ner described. In a typical case, these components are 
of the same dimensions as the respective components 
58, 66, and 72, except as noted above, and are assem- 
bled in the same manner as previously described for the 
interconnect assembly 38. 

[0038] The preferred design utilizing the fuel cell as- 
sembly 20 of the invention is optimized for operating at 
intermediate temperatures up to about 700-800'C. In 
this fuel cell assembly 20, the manifold plates 40, 58, 
and 58', the bellows 48, 66, and 66', and the intercon- 
nect plates 72 and 72' are made of metals that are op- 
erable for extended periods in this temperature range. 
Operable metals include the alloys inco 601 , having a 
composition, in weight percent, of 60 percent nickel, 23 
percent chromium, 1 percent aluminum, 1 percent man- 
ganese, balance iron; Inco 617, having a composition, 
in weight percent, of 52 percent nickel, 22 percent chro- 



mium, 12.5 percent cobalt, 9 percent molybdenum, 1 
percent aluminum, balance minor constituents; Inco 
625, having a composition, in weight percent, of 58 per- 
cent nickel, 22 percent chromium, 5 percent Iron, 9 per- 

5 cent molybdenum, and 3 percent cobalt, balance minor 
constituents; Inco 690, having a composition, In weight 
percent, of 58 percent nickel, 29 percent chromium, and 
9 percent iron, balance minor constituents; Hastelloy X, 
having a composition, in weight percent, of 21 percent 

10 chromium, 9 percent molybdenum, 1 percent tungsten, 
18 percent iron, balance nickel; Haynes 25, having a 
composition, in weight percent, of 10 percent tungsten, 
20 percent chromium, 15 percent tungsten, 3 percent 
iron, 1 percent molybdenum, 1 percent silicon, balance 

15 cobalt; and Haynes 1 88, having a composition, in weight 
percent, of 22 percent nickel, 22 percent chromium, 14 
percent tungsten, 3 percent iron, 1 percent manganese, 
balance cobalt. The screen 34 is also preferably made 
of one of these materials. All of these materials are avail- 

20 able commercially. 

[0039] The Interconnect plate 72 is preferably coated 
with a noble metal such as gold, palladium, rhodium, 
platinum, or an electron-conductive ceramic on the pro- 
trusions 74 that act as electrical contacts. The noble 

25 metal coating or ceramic resists oxidation and provides 
a contact of low electrical resistance to the neighboring 
structure. 

[0040] The preferred fuel cell plate 54 Is made of a 
yttria-stabiliized zirconia (YSZ) electrolyte, nickelous 
30 oxideA'SZ cermet, anode, and doped lanthanum chr- 
omite cathode. 

[0041] After they are prepared, the subassemblies 36, 
38, and 38' are stacked together in the manner shown 
in Figures 2-3. The subassemblies 36 and 38 are 

35 stacked in an alternating fashion with one of the sub- 
assemblies 38' at each of the ends. 
[0042] After stacking, the subassemblies are sealed 
along their external edges (except where the plenums 
are to be attached). In the preferred design, where the 

40 manifold plates 40, 58, and 58' are metallic, the edge 
seals can be brazed. After the edges of the stack are 
sealed, the plenums 26, 28, 30, and 32 are joined to the 
stack. Again, in the preferred design, where the manifold 
plates and the plenums are metallic, the joining is ac- 

45 complished by brazing. External fuel and oxidant lines 
are attached to the plenums, and the fuel cell is ready 
for operation. Fuel and oxidant are supplied to the fuel 
cell at ambient or higher pressure. 
[0043] Although a particular embodiment of the inven- 

50 tion has been described in detail for purposes of illus- 
tration, various modifications and enhancements may 
be made without departing from the scope of the inven- 
tion. Accordingly, the invention is not to be limited except 
as by the appended claims. 

55 
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Claims 

1. A solid oxide fuel cell stacking assembly (20) that 
utilizes a first reactant and a second reactant to pro- 
duce electrical power, comprising: 

a stack (22) having at least one fuel cell assem- 
bly (24), each fuel cell assembly comprising 
at least two fuel cell plate subassemblies (36), 
each of which fuel cell plate subassemblies in- 
cludes a fuel cell manifold plate (40) having a 
fuel cell manifold plate through-plate central 
opening (46) therethrough, 
an annular fuel cell plate bellows (46) disposed 
within the fuel cell manifold plate central open- 
ing (46) and sealed to the fuel cell manifold 
plate (40), the fuel cell plate bellows (43) having 
a fuel cell plate bellows central opening (52) 
therethrough, and 

a fuel cell plate (54) disposed within the fuel cell 
plate bellows central opening (52) and sealed 
to the fuel cell plate bellows (48); 
at least one interconnect subassembly (38), 
there being an interconnect subassembly dis- 
posed between each pair of fuel cell plate sub- 
assemblies, each interconnect subassembly 
(38) including 

an interconnect manifold plate (58) having a 
first-reactant transverse flow channel (62) on a 
first side thereof, a sacond-reactant transverse 
flow channel (62') on a second side thereof, and 
an interconnect manifold through-plate central 
opening (64) therethrough, 
an annular interconnect bellows (66) disposed 
within the interconnect manifold central open- 
ing (64) and sealed to the interconnect manifold 
plate (58), the interconnect bellows (66) having 
an interconnect bellows central opening (70) 
therethrough, and 

an electrically conductive interconnect plate 
(72) disposed within the interconnect bellows 
central opening (70) and sealed to the intercon- 
nect bellows (66), the interconnect plate (72) 
being impermeable to the first reactant and the 
second reactant and having compliant metallic 
interconnect protrusions (74) extending there- 
from on each side thereof; 
means for establishing electrical connection to 
each end of the stack (22); 
means (26,28) for introducing a first reactant in- 
to a first end of each of the first-reactant trans- 
verse flow channels (62) and removing first re- 
actant from a second end of each of the first- 
reactant transverse flow channels (62); and 
means (30,32) for introducing a second reac- 
tant into a first end of each of the second-reac- 
tant transverse flow channels (62') and remov- 
, ing second reactant from a second end of each 



of the second-reactant transverse flow chan- 
nels. 

2. The fuel cell stacking assembly of claim 1 , wherein 
s the first-reactant transverse flow channel (62) and 

the second-reactant transverse flow channel (62') 
are oriented at a right angle to each other. 

3. The fuel cell stacking assembly of claim 1 , wherein 
10 each of the interconnect plates (72) is made of met- 
al. 

4. The fuel cell stacking assembly of claim 1 , wherein 
each fuel cell plate bellows (48) and each intercon- 

IS nect bellows (66,66') is made of metal. 

5. The fuel cell stacking assembly of claim 1 , wherein 
the fuel cell plate (54) comprises a three-layer struc- 
ture including an electrolyte layer disposed be- 

20 tween an anode layer and a cathode layer. 

6. The fuel cell stacking assembly of claim 1 , wherein 
the Interconnect plate comprises a solid metallic 
layer (76), a first protruding layer (78) disposed on 

ss a first side of the solid metallic layer and having a 
plurality of protrusions (82) facing away from the 
solid metallic layer, and a second protruding layer 
(80) disposed on a second side of the solid metallic 
layer and having a plurality of protrusions (84) fac- 

30 ing away from the solid metallic layer. 

7. The fuel cell stacking assembly of claim 1 , wherein 
the means (34) for establishing electrical connec- 
tion to each end of the stack (22) comprises a pair 

3S of terminal plate subassemblies (38'), one at each 
end of the stack, each terminal plate subassembly 
comprising: 

a terminal manifold plate (58') having a terminal 
40 transverse flow channel (62) on one side there- 

of and a terminal manifold through-plate central 
opening (64') therethrough ; 
an annular terminal bellows (66') disposed 
within the terminal manifold central opening 
45 (64') and sealed to the terminal manifold plate 

(58'), the terminal bellows (66') having a termi- 
nal bellows central opening (70') therethrough; 
and 

an electrically conductive terminal plate (72') 
so disposed within the terminal bellows central 

opening (70') and sealed to the terminal bel- 
lows (66'), the terminal plate (72") being imper- 
meable to the reactants and having compliant 
metallic terminal protrusions (74') extending 
ss therefrom on the same side as the terminal 

transverse flow channel (62). 
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Patentanspruche 

1. Einen ersten Reaktionsstoff und einen zweiten Re- 
aktionsstoff zur Erzeugung von elektrischer Energie 
nutzender Festoxid-Brennstoffzellenstapelaufbau 
(20) mit: 

einem Stape! (22) mit mindestens einer Brenn- 
stoffzellenbaugruppe (24) mit jeweils 
mindestens zwei Brennstoffzellenplattenunter- 
baugruppen (36) mit jeweils einar Brennstoff- 
zellenverteilerplatte (40) mit einer die Platte 
durchsetzenden Brennstotfzellenverteilerplat- 
tenmitteloffnung (46), 

eine innertialb der Brennstoffzellenverteiler- 
plattenmitteloffnung (46) angeordnete, mit der 
Brennstoffzellenverteilerplatte (40) einen dich- 
ten AbschluB bildende ringfomnige 
Brennstoffzellenplattenausdeh- 
nungsmanschette (48). die eine diese durch- 
setzende Brennstoffzellenplattenausdeh- 
nungsmanschettenmitteloffnung (52) aufweist, 
sowie 

eine innerhaib der Brennstoffzeiienplattenaus- 
dehnungsmanschettenmitteloffnung (52) an- 
geordnete, mit der BrennstoffzellenplattenauG- 
dehnungsmanschette (48) einen dichten Ab- 
schluB bildende Brennstoffzellenplatte (54); 
mindestens eine Verschaltungsunterbaugrup- 
pe (38), wobei zwischen jedem Paar 
Brennstoffzellenplattenunterbaugruppen je- 
weils eine Verschaltungsunterbaugruppe an- 
geordnet ist und jede Verschaltungsunterbau- 
gruppe (38) 

eine Verschaltungsverteilerplatte (58) mit ei- 
nem Querstromkanal (62) fur den ersten Reak- 
tionsstoff auf einer ersten Seite derselben, ei- 
nem Querstromkanal (62') fur den zweiten Re- 
aktionsstoff auf einer zweiten Seite derselben 
sowie einer die Platte durchsetzenden 
Verschaltungsvertellermitteloffnung (64) durch 
dieselbe, 

eine innerhaib der Verschaltungsverteilermit- 
teloffnung (64) angeordnete, mit der Verschal- 
tungsverteilerplatte (58) einen dichten Ab- 
schlu3 bildende ringtormige Verschaltungs- 
ausdehnungsmanschette (66) mit einer 
Verschaltungsausdehnungsman- 
schettenmitteloffnung (70) durch dieselbe, so- 
wie 

eine innerha!b der Verschaltungsausdeh- 
nungsmanschettenmitteloffnung (70) angeord- 
nete, mit der Varschaltungsausdahnungsman- 
schette (66) einen dichten AbschluB bildende, 
elektrisch leitfahige Verschaltungsplatte (72), 
die bezuglich des ersten Reaktionsstoffs und 
des zweiten Reaktiorisstoffs undurchlasslg ist 
und von der sich auf jeder Seite derselben 



nachgiebige metallische Verschaftungsvor- 

sprunge (74) wegerstrecken, 

aufweist; 

eine Vorrichtung zur Herstellung einer etektri- 
5 schen Verbindung mit jedem Ende des Stapels 

(22); 

Vorrichtungen (26, 28) zum Einleiten eines er- 
sten Reaktionsstoffs in ern erstes Ende eines 
jeden der Querstromkanale (62) fur den ersten 
10 Reaktionsstoff und zum Entfernen des ersten 

Reaktionsstoffs aus einem zweiten Ende eines 
jeden der Querstromkanale (62) fur den ersten 
Reaktionsstoff; sowie 

Vorrichtungen (30, 32) zum Einleiten eines 
IS zweiten Reaktionsstoffs in ein erstes Ende ei- 

nes jeden der Querstromkanale (62') fur den 
zweiten Reaktionsstoff und zum Entfernen des 
zweiten Reaktionsstoffs aus einem zweiten En- 
de eines jeden der Querstromkanale fur den 
20 zweiten Reaktionsstoff. 

2. Brennstoffzellenstapelaufbau nach Anspruch 1 . bei 
dem der Querstromkanal (62) fur den ersten Reak- 
tionsstoff und der Querstromkanal (62') fur deri 

25 zweiten Reaktionsstoff in rechtem Winkel zueinan- 
der angeordnet sind. 

3. Brennstoffzellenstapelaufbau nach Anspruch 1 , bei 
dem jede der Verschaltungsplatten (72) aus Metal! 

30 gefertlgt ist. 

4. Brennstoffzellenstapelaufbau nach Anspmch 1 , bei 
dem jede der Brennstoffzellenplattenausdeh- 
nungsmanschetten (48) und jede der Verschal- 

35 tungsausdehnungsmanschetten (66, 66') aus Me- 
tal I gefertigt ist. 

5. Brennstoffzellenstapelaufbau nach Anspruch 1 , bei 
dem die Brennstoffzellenplatte (54) eine Drei- 

40 schichtenstruktur mit einer zwischen einer Anoden- 
schicht und einer Kathodenschicht angeordneten 
Elektrolytschicht umfaBt. 

6. Brennstoffzellenstapelaufbau nach Anspruch 1 , bei 
"is dem die Verschaltungsplatte eine massive metalli- 
sche Schicht (76), eine auf einer ersten Seite der 
massiven metallischen Schicht angeordnete erste 
vorstehende Schicht (78) mit mehreren von der 
massiven metallischen Schicht abgewandten Vor- 

50 sprungen (82), sowie eine auf einer zweiten Seite 
der massiven metallischen Schicht angeordnete 
zweite vorstehende Schicht (80) mit mehreren von 
der massiven metallischen Schicht abgewandten 
Vorsprungen (84) umfaBt. 

55 

7. Brennstoffzellenstapelaufbau nach Anspruch 1 , bei 
dem die Vorrichtung (34) zur Herstellung einer elek- 
trischen Verbindung mit jedem Ende des Stapels 
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(22) ein Paar jeweils an jedem Ende des Stapels 
angeordnete Endplattenunterbaugruppen {38') um- 
faBt, die jeweils: 

eine Endverteilerplatte (58") mit einem End- s 
querstromkanal (62) auf einer Seite derselben 
sowie einer die Platte durchsetzenden Endver- 
tGllermitteloffnung (64'); 
eine innerhalb der Endverteilermitteloffnung 
(64') angeordnete, mit der Endverteilerplatte io 
(58') einen dichten AbschluB bildende, ringfor- 
mige Endausdehnungsmanschette (66') mit ei- 
ner Endausdehungsmanschettenmitteloffnung 
(70') durch dieselbe; sowie 
ein© innerhalb der Endausdehnungsmanschet- 15 
tenmitteloffnung (70') angeordnete, mit der 
Endausdehnungsmanschette (66') einen dich- 
ten AbschluB bildende, elektrisch leitfahige 
Endplatta (72'), die bezuglich der Reaktlons- 
stoffe undurchlassig ist und von der sich au1 20 
derseiben Seite wie der Endquerstromkanal 
(62), nachgiebige metallische Endvorsprunge 
(74') wegerstrecken; 
umfassen. 

25 

Revendlcations 

1 . Superposition de piles k combustible ^ oxyde soMg 
(20) qui utilise un premier r^actif et un deuxi^me 30 
rdactil pour produire de I'dnergie dlectrique, 
comprenant : 

une superposition (22) ayant au molns un en- 
semble (24) de pile k combustible , chaque en- 35 
semble de pile k combustible comprenant 
au molns deux sous-ensembles (36) de plaque 
de pile k combustible, chacun des sous-en- 
sembles de plaque de pile ^ combustible com- 
prenant une plaque de collecteur (40) de pile 6 ^0 
combustible traversde par une ouverture cen- 
trale m^tallis^e (46) de plaque de collecteur de 
pile ^ combustible; 

un soufflet (48) de plaque de pile ^ combustible 
annulairedispo5§ ^ I'intdrieur de I'ouverture 4S 
central© (46) de plaque de collecteur de pile & 
combustible et scelld k la plaque de collecteur 
(40) de pile k combustible , le soufflet (48) de 
plaque de pile k combustible 6tant travers6 par 
une ouverture central© (52) de soufflet de pla- so 
que de pile k combustible, et 
une plaque (54) de pile k combustible dispos^e 
k I'intdrieur de I'ouverture centrale (52) de souf- 
flet de plaque de pile k combustible et scellSe 
au soufflet (48) de plaque d© pile k combustible; 5S 
au moins un sous-ensemble d'interconnexion 
(38), un sous-ensemble d'interconnexion 6tant 
disposd entre chaque pair© de sous-ensem- 



bles de plaque de pile a combustible, chaque 
sous-ensemble d'interconnexion (38) compre- 
nant 

une plaque de collecteur d'interconnexion (58) 
comportant un canal d'^coulement transversal 
(62) de premier r^actif sur un. premier cdt6 de 
celle-ci, un canal d'6coulement transversal 
(62') de deuxidme rdactif sur un deuxidme cdtd 
de celle-ci, et une ouverture centrale m6tallis6e 
(64) de collecteur d'interconnexion la traver- 
sant; 

un soufflet d'interconnexion annulaire (66) dls- 
pos6 k rint6rieur de I'ouverture centrale (64) de 
collecteur d'interconnexion et scelld k la plaque 
de collecteur d'interconnexion (58), le soufflet 
d'interconnexion (66) 6tant traverse par une 
ouverture centrale (70) de soufflet d'intercon- 
nexion, et 

une plaque d'interconnexion (72) conductrice 
de I'^lectricit^ dispos6e k I'int^rieur de i'ouver- 
ture centrale (70) de soufflet d'interconnexion 
et scell^a au soufflet d'interconnexion (66). la 
plaque d'interconnexion (72) 6tanl impermea- 
ble au premier r6actif et au deuxi6me r6actif et 
comportant des protuberances d'intercon- 
nexion m§talliques conformes (74) s'^tendant 
depuis celle-ci sur chaque cdte de celle-ci; 
des moyens pour 6tablir une connexion 6lectri- 
que k chaque extr^mitd de la superposition 
(22); 

des moyens (26, 28) pour introduire un premier 
r6actif dans une premiere extr6mite de chacun 
des canaux d'^coulement transversaux (62) de 
premier r6actif et 6liminer le premier r6actif 
d'une deuxifeme extr6mit6 de chacun des ca- 
naux d'6coulement transversaux (62) de pre- 
mier rdactif, et 

des moyens (30, 32) pour introduire un deuxi6- 
me r^actiJ dans une premiSre extr6mtt6 de cha- 
cun des canaux d'6couIement transversaux 
(62') de deuxidme rdactif et dliminer le deuxid- 
me r6actif d'une deuxi^me extr6mit6 de chacun 
des canaux d'6coulement transversaux de 
deuxidme rdactif. 

2. Superposition de piles k combustible suivant la re- 
vendicatlon 1 , dans laquelle le canal d'dcoulement 
transversal (62) de premier r^actif et le canal 
d'6coulement transversal (62') de deuxi6me r6actif 
sont orient6s perpendlculairement I'un par rapport 
k I'autre. 

3. Superposition de piles k combustible suivant la re- 
vendication 1, dans laquelle chacune des plaques 
d'interconnexion (72) est faite de m6tal. 

4. Superposition de piles k combustible suivant la re- 
vendication 1 , dans laquelle chaque soufflet (48) de 
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plaque de pile a combustible et chaque soufflet d'in- 
terconnexion (66, 66') sont faits de m6tal. 

Superposition de piles & combListible suivant la re- 
vendication 1, dans laquelle la plaque (54) de pile s 
k combustible comprend une structure k trois cou- 
ches comportant une couche Slectrolytique dispo- 
s6e entre une couche anodique et une couche ca- 
thodtque. 

Superposition de piles k combustible suivant la re- 
vendication 1, dans laquelle la plaque d'intercon- 
nexion comprend une couche m6tallique soltde 
(76), une premi&re couche saillante (78) dispos6e 
sur un premier cotS de la couche m^talllque solide 
et comportant une pluralite de protuberances (82) 
tourn^es dans la direction oppos6e k la couche m6- 
tallique solide, et une deuxidme couche saillante 
(80) disposde sur un deuxidme c6X6 tie la couche 
m6ta!lique solide et comportant une pluralit6 de pro- 20 
tub^rances (84) tourn6es dans la direction oppos^e 
k la couche metal lique solide. 

Superposition de piles k combustible suivant la re- 
vendication 1, dans laquelle les moyens (34) pour 2S 
etablir une connexion ^lectrique k chaque extremity 
de la superposition (22) comprennent une paire de 
sous-ensembles de plaque d'arrSt (38'), une k cha- 
que extr6mit6 de la superposition, chaque sous-en- 
semble de plaque d'arret comprenant : 30 

une plaque de collecteur d'arrSt (58') compor- 
tant un canal d'6coulement transversal d'arr§t 
(62) d'un c616 de celle-ci et 6tant travers6e par 
une ouverture centrale m6tallls6e (64') de col- 35 
lecteur d'arrSt; 

un soufflet d'arr§t annulaire (66') dispos6 k I'in- 
t6rieur de I'ouverture centrale (64') de collec- 
teur d'arrdt et scelld k la plaque (58') de collec- 
teur d'arrSt , le soufflet d'arrSt (66') 6Xan\ traver- "to 
sd par une ouverture centrale (70') de soufflet 
d'arrdt, et 

une plaque d'arrSt (72') conductrice de I'Slectri- 
cit6 disposSe k I'intdrieur de I'ouverlure centra- 
le (70') de soufflet d'arrdt et scellSe au soufflet 4S 
d'arr6t (66'), la plaque d'arrSt (72') 6tant imper- 
meable aux rdactifs et comportant des protube- 
rances d'arret metalliques conformes (74*) 
s'etendant depuis celle-ci sur le mSme cdte que 
le canal d'ecoulement transversal d'arrfit (62). 50 
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